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ABSTRACT—in a Canadian popuiallon-based case-control study 
of 480 males and 152 female case-control pairs, the relative risk 
tor development oi bladder cancer for ever used versus never 
usad cigarettes was 3,9 for males and 2.4 for lemales, with a 
dose-response relationship in both sexes. A reduced risk was 
associated with the use of filter cigarettes compared to nonfllter 
cigarettes. After control for cigarette usage, a significant risk was 
noted for male pipe smokers. For male ex-smokers the risk after 
15 years of no smoking was less than one-half that of current 
male smokers. Bladder cancer risk was found for workers in the 
chemical, rubber, photographic, petroleum, medical, and food 
processing industries among males and for workers occ.upation- 
ally exposed to dust or fumes among both sexes. Bladder cancer 
risk was elevated for males consuming all types of coffee, regular 
coffee, and Instant cofiee and for females consuming instant 
coffee, but no dose-response relationship was found. Risk was 
found tor rnales' consuming water from nonpublic supplies but 
not for females. No risk was observed in males or females 
consuming nitrate-containing foods, beverages other than coffee, 
or fiddlehead greens. Hair dye usage in females and phenacetin 
usage in males and females carried no risk. Divergent findings by 
area for aspirin suggested that an overall association was not 
causal, Reevatuafion of the data on artiflciai sweeteners confirmed 

• ificant bladder cancer risk in males and a dose-response 
nship. The cumulated population attributable risk for blad¬ 
der cancer was 90% for males from cigarette smoking, industrial 
exposure, and exposure to nonpubllc water supplies and 29% for 
females from cigarette smoking. Industrial exposure, and instant 
coffee consumption.—JNCl 64: 701-713, 1980. 


Cancer of the urinary bladder has long been recog¬ 
nised as a hazard of environmental exposure to certain 
chemicals il). The occupational link has been repieat- 
edly confirmed, but the risk of bladder cancer has been 
associated with the naphthylamines (2, 3) rather than 
tvith aniline as originally suspected. At increased risk 
are rubber workers, cable workers, leather processors, 
textile workers, medical workers, tailors, metal workers, 
ixiinters, clerical worker^, and cooks {3-14). 

Cigarette smoking is also generally accepted as a 

ri’cl- -J f 1'. Liri* Li t' blLlclilijr 

cancer, particularly in males {?, 15-26). One major 
study of the effects of tobacco products on health failed 
to show the association in the earlier stages of the 
study (27). However, the 20-year follow-up of males 
now indicates a higher mortality ratio for bladder 
cancer among' cigarette smokers than among non- 
smokers (28). 

A substantial proportion of bladder cancers cannot 
be accounted for by tobacco use and hazardous occupa¬ 
tional exposures alone, particularly in females. Several 
pnt Wtors have been suggested as being of impor- 
(44, 29), and coffee has been shown to have an 
associatiofi with the disease in five previous case-control 


studies (9, 30-33). However, the associations with coffee 
have been weak and inconsistent, and.no dose-response 
relationship has been observed. 

The findings reported in this paper resulted from a 
population-based case-control study conducted in the 
Canadian provinces of British Columbia, Newfound¬ 
land. and Nova Scotia. These areas were selected for 
study because they had population-based cancer regis¬ 
tries and. they were believed not likely to .possess, 
concentrations of high-risk industries. The major ob¬ 
jective of this study was to delineate the role of 
cigarette smoking, occupational exposure, and other 
risk factors in the etiology of bladder cancer and to 
determine the extent to which identified risk factors 
could account for the disease. Some preliminary results 
of the study have already been reported (29) as well as 
an association with the use of artificial sweeteners in 
males [34). Some of the material was also discussed at a 
workshop on the analysis of case-control studies in 
epidemiology, held under the auspices of the [nierna- 
tional Agency for Research on Cancer, Lyon, France, 
December 12-15, 1977. 

To fully evaluate the role of the various factors 
considered, we had to collect information on factors 
that could confound some of the associations already 
identified. Thus to further investigate the role of coffee, 
we- had to evaluate data on other beverages. Other 
possible dietary sources of bladder carcinogens could be 
from nitrates and nitrites converted to nitrosamines 


ABBREVtATtON USED; PAR = population attributable risk percent(s). 
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following ingestion (55). Two potential sources of 
these compounds were investigated, nonpublic drink¬ 
ing water supplies and preservative-containing meat 
products. 

MATERIALS AND METHODS 

Case-control acquisition and interview .—The meth¬ 
ods used in this Study are described in (d^). "All 
patients with newly diagnosed bladder cancer occurring 
in the three provinces between April 1974 and June 
1976 were identified; 77% of those patients were inter¬ 
viewed, and for each patient one neighborhood control 
individually matched by age (±5 yr) and sex was 
interviewed. 

If a potentially eligible control refused to be inter-' 
viewed, a substitute control who adhered to the match¬ 
ing criteria was sought. In British Columbia 99 (20%) 
of 500 potentially eligible controls refused interview, as 
did 6 (4%) of 136 in Nova Scotia and 0 of 101 in 
Ne wfo undland. 

This process of obtaining patients and controls 
resulted in 480 pairs of male patients and controls and 
152 pairs of female patients and controls. All subjects 
were interviewed in their homes within 6 months of 
diagnosis for the patients and as soon as possible 
thereafter for the corresponding control. The field 
work was supervised locally by the departments of 
community health or preventive medicine of the col¬ 
laborating universitites. Coding and analysis were done 
in the Epidemiology Unit of the National Cancer 
Institute of Canada. 

Ascertainment of smoking history .—Respondents 
were asked about their current consumption of plain 
(nonfilter) cigarettes, i.e., the number of cigarettes per 
day, week, or month. They were also asked the year in 
which they started smoking this amount. For every 
other period during which their frequency of smoking 
was different, the same information was obtained. 
Identical questions were asked with respect to filter 
cigarettes, cigars and cigarillos, pipes (in pipefuls), and 
chewing tobacco (in ounces). Respondents were also 
asked for each product smoked, their extent of inhal¬ 
ing, and usual method of lighting. 

From these data, average frequency and total lifetime 
coiisumpiioii were caicutatcd tor eacn tobacco product. 
Lifetime consumption of packs of cigarettes was calcu¬ 
lated with the assumnfirin that a nark rnnfainpd ‘’0 
cigarettes. In addition, calculations were made for age 
at starting smoking, duration of use of tobacco, latency 
period (time elapsed between yr starting smoking and 
date of diagnosis or interview), and for ex-smokers, the 
number of years since smoking stopped. 

Occupational ascertainment and coding .—Four ques¬ 
tions were asked about occupation. The first question 
was a chronologic account of all jobs, in addition to 
the number of years and months during which the 
respondent had worked in each job, including any 
period of uncmploynieiit or disability. This (.[uestion 

[Nc;i. voi,. i;i. iNO. i. ai’ku. kwn 


was intended primarily to enable the respondent to 
recall all of his or her occupational experiences and to 
serve as an introduction to the next question. Each 
occupation was coded with the use of the 4-digit code 
(5(5) utilized in the 1971 Canadian census. The second 
question concerned any experience in industries or 
occupations that we suspected a priori might increase 
the risk of bladder cancer. These industries or occupa¬ 
tions were the chemical industries; manufacturers of 
dyes; industries, involved with dyeing of cloth, tanning, 
and leather processing (shoemaking); manufacturers of 
electric cable; photographic industries; commercial 
painters; spray painters; the petroleum industry; tai¬ 
lors; medical occupations (e.g., physicians, nurses, and 
laboratory technicians); food processing industries; and 
agriculture. For each reported exposure, details were 
asked concerning the nature of the job, the year the 
employment started and ended, and total duration of 
the job; the interviewer probed for such items as 
specific products, processes, dusts, and fumes that may 
have been involved. The third question asked was: 
"Have you ever worked in any other job where you 
were exposed to fumes, dusts, or chemicals?” If the 
respondent answered “Yes,” the same information as in 
the previous question regarding the nature of the job 
and time of employment was recorded. Codes corre¬ 
sponding to each type of exposure were generated from 
the respondent's answers. The fourth question asked 
was whether the respondents had been exposed to 
certain chemicals that have been reported as carcino¬ 
genic (57-52) and may be encountered through occupa¬ 
tional exposure. 

Ascertainment of coffee consumption .—The format 
of the question used to obtain information on coffee 
consumption and other beverages was identical to that 
used for tobacco products. Thus subjects were asked 
about their frequency of current consumption and how 
long they had been drinking this amount. They were 
then asked about frequency and duration of consump¬ 
tion for every period in their lifetimes when this 
frequency differed. This question was asked in regard 
to regular (fresh ground), instant, and decaffeinated 
coffee. 

These data have been considered both in terms of 
total consumption, irrespective of type, and according 
to the type of coffee (regular, instant, and decaffein¬ 
ated). i he data were analyzed in terms of current 
consumption, average (lifetime) frequency, and total 

liff'timr* ron«i imririnn "T“hA 

eraily similar, particularly for average frequency and 
total lifetime consumption. Thus only the results for 
average frequency, in terms of cups per day, are 
presented. 

Methods of analysis .—^Relative risk estimates were 
computed with the use of the linear logistic model 
applied to individually matched case-control studies 
(55). The computer program was supplied by P. G. 
Smith, Department of Regius Professor of Medicine, 
University of Oxford, Oxford, England. The model 
assumes that the relative risk for any individual with a 
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set of risk or covariate factors x,- relative to another 
individtia! with set x*/ is given by 

log, (relative risk) = 2/3i(x/—x*i). 

The x's may be continuous, discrete, dummy, or 
product (interaction) variables as in normal linear 
regression theory. In particular, if 2 individuals differ 
only in that 1 has a value .of xj= I (corresponding to 
exposed) and the other has a value of .xy—0 (corre- 
spotiding to unexposed), the risk for the first individual 
relative to the second individual is given by e*’-'. The 
standard error of each coefficient may also be estimated 
and used for tests of significance and interval estima¬ 
tion in the usual way. Two-sided 95% confidence limits 
are given for the relative risk estimates. When one 
considers a single dichotomous variable, the’estimate of 
the relative risk with the use of the linear logistic 
model is given by the ratio of discordant pairs, i.e., the 
number of pairs in which cases are exposed and 
controls are unexposed/number of pairs in which cases 
are unexposed and controls are exposed. Tests of 
significance and interval estimation may then be based 
on the binominal distribution (5V). Fora single variable 
considered at more than two levels, the linear logistic 
model is equivalent to the consistent risk ratio proce¬ 
dure proposed by Pike et al. (55). For these types of 
liata a trend test may be computed with the usual 
extension (56) of the Mamel-Haenszel procedures (57). 
Each case-control pair is considered as a single stratum, 
and one may compute the chi-square by summarizing 
over all strata (pairs) in the usual way (56). 

Thus the individual matching is preserved in this 
calculation. The significance of differences in variable 
means between cases and controls was estimated with 
the use of the paired t-test. 

RESULTS 

Case-control comparability .—Table 1 shows the dis¬ 
tribution of sex and mean age at intervie'iv by province 
of residence for the 480 male case-control pairs and the 
152 female case-control pairs. Matching by se.x and 
province was, of course, exact; the mean ages of 
patients and controls did not differ. The third match- 
>iig \arLabie, neigtibornooU oi resiaence, could not be 
examined in the same way. Two measures of socioeco¬ 
nomic status, education and income, were oerhan.s 
most closely related to neighborhood of residence. For 


males relative risk estimates for grades of school 
completed were; grades nine and ten, 0.95, and grades 
eleven to thirteen, 1.36 (relative to grades one to eight). 
Corresponding estimates for females were 0.81 and 
0.81. Mean family incomes for male patients and 
controls were $7,799 and 37.636, respectively. For fe¬ 
males the figures were $6,455 and $7,938, respectively, a 
significant mean paired difference. The income distri¬ 
bution for patients and controls showed the same 
patterns, i.e., similarity between male patients and 
controls but an excess of female patients with low 
family incomes. Tlie primary interest in measures of 
socioeconomic status concerned any possible confound¬ 
ing effect such variables may have*had on associations 
with other risk factors. Income and education were 
thus subsequently considered in the multivariate anal¬ 
ysis. ’ ' ' , 

Another measure of case-control comparability was 
interview duration. Mean values for patients and con¬ 
trols were 51.8 and 49.9 minutes, respectively, for males 
and 53.3 and 49.4 minutes, respectively, for females. 
Patients and controls were also similar with respect to 
the interviewer's assessment of their cooperation, inter¬ 
est, and difficulty in responding to specific questions. 

Cigarette smoking .—Table 2 shows relative risk 
estimates for both sexes for three measures of cigarette 
smoking; average frequency (cigareites/day), duration 
(yr), and estimated lifetime consumption (packs). For 
all three measures, both sexes had a highly significant 
dose-response relationship; the heaviest male smokers 
showed approximately a fivefold increase in risk, and 
the female smokers showed a threefold increase relative 
to that seen in lifetime nonsmokers. Al! chi-squares for 
trend (56) were statistically highly significant {P<0.01). 
Duration and total consumption were both functions 
of time; neither measure should have been confounded 
by age due to the case-control matching on this 
variable. The estimates were not significantly affected 
by controlling for the latency period or age at starting 
smoking; therefore, both duration and total consump¬ 
tion could be interpreted as dose effects. 

Table 2 also shows relative risk estimates for latency 
period since the year cigarette smoking was started. For 
males the maximum risk was incurred within 35 years, 
and the risk decreased after that period. Due to small 
numbers, estimates of the relative risk for periods less 
tnau 35 years were made with the matching broken and 
were 2.7 up to 25 years, 4.0 for 26-35 years, and 3.3 for 
e-rentfr than .35 vertrs. For fprnnles rhe maxirruim rist 
was incurred after 35 years, though again due to small 


Table 

l.—Age 

and sex of bladder cancer 

patients and 

matched 

controls by 

province 


Parameter 

British Columbia 

Newfoundland 

Nova Scotia 


All areas 

measured 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

No. of matched pairs 

Mean ag'e, yr: 

306 

95 

73 

28 

101 

29 

480 

152 

Patients 

68.5 

67.9 

65.6 

70.4 

66.8 

72.1 

67.7 

69.1 

Controls 

68.0 

66.9 

64.3 

69.6 

66.7 

72.1 

67.2 

68.4 
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Table 2, —Relative risks for various measurements of cigarette smoking and for latency period since year started smoking 




Males 


Females 

Measurement 

Category 

Relative risk (95% 
confidence limits) 

Category 

Relative risk {95% 
confidence limits) 

Average frequency, cigarettes/day 

0.0 

1.0 

0.0 

1.0 


Up to 10 

2.6 (1.7-4.4) 

Up to 15 

2.3 (1.3-4.6) 


10-20 

3.8 (2.6-6.0) 

>15 

2.6 (1.4-6.9) 


>20 

5.1 (3.5-8.6) 



Duration, yr • ' 

O.Q 

1,0 

0,0 

1.0 


Up to 20 

1.8 (1.1-3.3) 

Up to SO 

1.1 (0.5-’2.S) 


21-40 

3.9 (2,6-6.4) 

>30 

4,5 (2.4-12.9) • 


>40 

4.S (3.3-7.7) 



Total lifetime consumption, packs 

0.0 

1.0 

0.0 

1.0 


Up to 10.000 

2.5 (1.7-4.0) 

Up to 10.000 

2.0 (1.2-4.1) 


10,000-20.000 

4,4 (3.0-7.2) 

>10,000 

3.3 (1.7-10.6) 


>20,000 

5.8 (3.9-10.3) 



Latency period, yr 

. 0 . 

1.0 

0 

1.0 


Up to 35 

4.9 (3.0-10.1) 

Up to 35 

1.9 (0.9-4.6) ■ 


36-50 

4.2 (2.8-7,0) 

>35 

2.8 {1.6-6.1) 


>50' 

3.2 (2,2-5.2) 




numbers, it was not possible to be more specific. The 
estimates were not affected by controlling for' the 
duration of smoking or age when starting smoking. 

The possible differential effect of nonfilter and filter 
cigarettes and differing degrees of inhaling for the two 


Table 3. —Linear logistic regression models 
for tobacco consumption 


Mode! 

Variable 

Coefficient±SE 

Males 

Females 

a) Plain and filter 
cigarettes and 

Log, (piain con- 
sumption°-t-l) 

O.ISLO.OS^ 

0.0910.07 

inhaling 

Log, (filter con- 
sumption“+i) 

0.05+0.06 

0.0310.07 


Inhale plain 
moderatelj/ 

-0.2910.30 

0.1110.81 


Inhale plain 
heavil/ 

0.0910.31 

-0.2710.86 


Inhale filter 
moderately^ 

0.2010.51 

0.1210,69 


Inhale filter 
heavil/ 

0.0910.50 

0.8810.74 

b) Ex-smokers 

Log, (all ciga- 
rettesf+l) 
Bx-smokeP 

0.1710.02* 

0.1910.04* 

-1.6010.46* 


Ex-smoker, 

2-15 yr' 
Ex-smoker. 

>15 yp 

-0.46±OJ^ 

-U-buJiO.Zi 


e) Pipe smoking 

Log, (al! 

Pipefuls up to 
50,000' 
Pipefuls 
>50.000' 
Inhale pipes 
moderatel/ 
Inhale pipes 
heavil/ 

0,1710.02* 

0.2410.27 

0.7110,28'-' 

0.1310.31 

2.18+1.07' 



' Estimated lifetime consumption in packs. 
' P<0.001. 

Coded 1 if true, 0 if not. 

' P<0.01. 

P<0.05. 


typ>es of cigarettes is examined in the first linear 
logistic model in table 3. The term used as a measure 
of cigarette consumption, logs (lifetime consumption+1), 
was successfully used for other smoking data (Day NE: 
Personal communication, 1979), though other measures 
gave similar results. Although positive associations 
with both types of cigarettes were seen for both sexes, a 
statistically significant association tvas seen only for 
males smoking nonfilter cigarettes. The coefficients for 
nonfilter cigarettes were approximately twice those for 
filter cigarettes for both sexes, which suggests a reduced 
risk associated with the use of filter cigarettes. Inhaling 
did not appear to increase the risk, with the possible 
exception of female heavy inhalers of filter cigarettes. 

The risks for ex-smokers of cigarettes is shown in tire 
second model in table 3. For males the risk was 
significantly decreased and the risk was decreased even 
more with the length of time since stopping smoking. 
For females the risk was decreased similarly, though we 
could not examine the data with respect to the length 
of time since stopping smoking due to the small 
numbers of females involved. 

Other tobacco products .—Data were insufficient for 
the ascertainment of any dose-response relationship for 
cigars and cigarillos. A relative risk estimate for males 
k/iiO ever cr rHric#» who 

never smoked was 1.2 (95% confidence limits, 0.7-2.0; 
discordant pair ratio, 35/30). The relative risk for 
males reporting usiiig ciicvving .,1 mut 

versus those never using chetving tobacco was 0.9 (95% 
confidence limits, 0.5-1.6; discordant pair ratio, 29/32). 
Controlling for cigarette smoking did not affect these 
estimates. 

The effects of pipe smoking and extent of inhaling 
pipe smoke, controlled for total lifetime consumption 
of cigarettes, are examined in the third model of table 
3. Those who reported a lifetime consumption of more 
than 50,000 pipefuls had a significantly increased 
relative risk of 2.0 (95% confidence limits, 1.2-3.5). The 
effect appeared to be considerably increased fay heavy 
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inhaling, which gave a relative risk of 8.8 (95% 
nfidence limits, 1.1-71.7) compared to noninhalers 
rvho smoked the same amount of pipe tobacco. A dose- 
response relationship with respect to lifetime pipe 
tobacco consumption was seen for lifetime non-cigarette 
smokers, ex-cigarette smokers, and current cigarette 
smokers, but when cigarette smoking was not consid¬ 
ered, no dose-response relationship was seen for pipe 
smokers. These different findings imply negative con¬ 
founding by cigarette smoking, and there was a strong 
negative association between pipe arid cigarette'smok¬ 
ing. The percentage of lifetime nori-cigarette smokers 
among patients who were lifetime non-pipe smokers 
was 8.8, whereas that among patients who had smoked 
pipes was 28.4. For controls, the corresponding figures 
were 28.5 and 58.1%, respectively. No females reported 
using cigars, cigarillos, chewing tobacco, or pipes. 

Exposure to a priori suspect industries .—Section I 
of table 4 shows an analysis of males who reported any 
occupation that we considered a priori as "high risk. 
Inasmuch as one subject can have many occupations, 
an individual can contribute to a number of the 
industrial exposures listed. However, when an analysis 
was done separately for subjects who reported only one 
exposure and for those who reported exposure to more 
than one suspect industry, the relative risk estimate was 
reduced only for spray painters (relative risk= 1.0). The 
estimates were also unchanged after controlling (or 
cigarette smoking. 

Exposure to dust and fumes in occupations other 
^han those suspected a priori .—The relative risks for 
subjects who responded positively to the question 
concerning exposure to dust and fumes in other 
industries were 2.5 for males (discordant pair ratio, 
118/47; 95% confidence limits, 1.8-3.6) and 4.5 for 
females (discordant pair ratio, 9/2; 95% confidence 
limits, 0.9-42,8). These estimates were not affected by 
separate consideration of those who reported working 
in the a priori suspect industries and those who did 
not. The types of dust or fume exposures reported, 
coded on the basis of the information received from the 
subjects, were amalgamated into what appeared as 
logical groupings of similar fumes or dusts. Section 2 
of table 4 shows the groups in which the relative risk 
was significantly different from 1.0 at a nominal 0.05 
level (one-sided test) except for diesel and traffic fumes 
(P = 0.06y 

General search of occupational history .—The general 
search was done by the consideration of the individual 


1 1 O'" 


r>. .K_ 


i’i^\ r-> ( ^ 


' lion at the 3-digit level of the code grouping people 
with similar occupations. It was necessary on occasion 
(0 group a number of 4-digit codes together but to 
exclude others that fell within the same 3-digit category 
' inasmuch as the type of exposure did not appear to be 
I logically consistent. The groupings were done by 
inspection of job titles in ignorance of the results. 

• Section 3 of table 4 shows occupations in which the 
relative risk was greater than 1.0 at a nominal 0.05 
level for male.s and females combined (one-sided test). 


T.vble 4. —Industrial and ocenpational risks identified for males 


Industry or 
occupation 

Discordant 

pairs* 

Relative risk 
(95% confi¬ 
dence limits) 

Section 1. A priori suspect industries 

Chemical' 

15/2 

7.5 (1.7-67.6) 

Rubber' 

5/1 

5.0 (0.6-236,5) 

Dye manufacturing 

0/0 


Dyeing of cloth 

2/1 

2.0 (0,1-118.0) 

Tanning 

. 5/4 

1.2 (0.3-6.3)- 

Electric cable 

1/2 

0.5 (a.0-9.6) ■ 

Photographic* 

6/2 ■ 

3.0 (0.5-30.4) 

Commercial paint 

24/20 

1.0 (0,6-2.3) 

Spray paint 

16/9 

1.8 (0.7-4.6) 

Petroleum* 

16/3 

5.3 (1.5-28.6) 

Tailoring 

3/2 " 

1.5 (0.2-18.0) 

Medicine* 

13/5 

2.6 (0.9-9.3) 

Food processing* 

11/7 

1.6 (0.6-4,8) 

■Agriculture 

85/80 

. 1,1 (O.S-1,5) . 

Section 2. Exposure to dust or fumes in other industries 

Crop spraying 

7/1 

7.0 (0.9-315:5) 

Welding 

17/6 

2.8 {1.1-8.8) 

Railroad 

9/1 

9.0 (1.2-394.5) 

Diesel and traffic fumes 

11/4 

2.8 (0.3-11.8) 

Section 3. General search of occupational history 

Guards and watchmen 

16/4 

4.0 (l.S-16.4) 

Barbers 

3/0 

(0.4-) 

Nurserymen 

11/2 

5.5 (1.2-51.1) 

Metal machinists 

19/7 

2.7 (1.1-7.6) 

Material recorders 

18/7 

2.6 a,0-7.3) 

Armed services 

82/45' 

1.8 (l,2-2.7) 

Glass processors 

6/1 

6.0 (0.7-276.0) 

Metal fabrication 

6/0 

(0.8-) 

Mechanics 

37/23 

1.6 (0.9-2.8) 

Clerical workers 

le/?' 

2.3 (0,9-6.6) 


“ No, of pairs; patient ever worked, control never worked/pa¬ 
tient never worked, control ever worked. 

* Industries subsequently treated as high-risk industries for 
males. 

‘ Discordant pairs when controlled for smoking, 50/36 [relative 
risk, 1.4 (95% confidence limits, 0.9-2.2)]. 

'' Discordant pairs when controlled for smoking, 7/5 [relative 
risk, 1.4 (95% confidence limits, 0.4-5.6)], 


Tw'o occupations, armed services and clerical work, 
had reduced risks after controlling for cigarette smok¬ 
ing. All others were not changed after controlling for 
smoking. Very few females reported experience in a 
oriori suspect industries or contributed to the general 
search of the occupational history (table b). 

Exposure to specific chemicals .—Positive responses 
r\Kn;npd TV'tb ro nnlv two of the chemicals 

listed in the questionnaire. The relative risk for benzi¬ 
dine and its salts was 1.3 (95% confidence limits, 
0.2-9.1; discordant pair ratio, 4/3) and for bis(chioro- 
methyl)ether was 6.0 (95% confidence limits, 0.6-236,5; 
discordant pair ratio, 5/1). All respondents were male. 
The numbers were too small for examination of any 
possible confounding by smoking on the bis(chloro- 
methyl)ether effect. 

Interaction of occupational exposure and age .—The 
excess risk of bladder cancer associated with occupa- 
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Table 5. —Industrial and occupational risks identified for females 


Industry or 
occupation 

Discordant 

pairs" 

Relative risk 
(95% confi¬ 
dence limits) 

Section 1. A priori suspect industries 

Dyeing of cloth 

1/1 

1.0(0.0-78.5) 

Commercial paint 

1/0 

(0.0-) 

Tailoring 

4/2 

2.0 (0.3-22.1) 

Medicine 

14/12 

1.2 (0.5-2.a) 

Food processing 

. 0/4 ■ 

0.0 (0.0-1.5) 

Agriculture 

4/4 ■ 

■ I'.O (0.2-5.4) 


Section 2. General search of occupational history 


Guards and watchmen 

2/0 

(0.2-) 

Hairdressers 

2/0 

(0.2-) 

Metal machinists 

2/0 

(0.2-) 

-Armed services 

1/1 

1.0 (0.0-78.5) 

Glass processors 

1/0 

(0.0-) 

Clerical workers 

17/13 

1.3 (0.0-2.9) ■ 


“ No. of pairs; patient ever worked, control never worked/pa' 
tient never worked, control ever worked. 


tional exposure was reported to manifest itself most 
strongly in patients under the age of 60 years (5c?). To 
examine this possible interaction in our data we 
designated certain industries as proved high risk {see 
footnote b in table 4). The bases for selecting these 
industries were both the relative risk estimate and the 
number of pairs available for analysis. The exclusion 
of such industries as dyeing and tailoring on the basis 
of small numbers was arbitrary, but the results subse¬ 
quently reported were essentially the same whether or 
not these industries were included. 

Table 6 shows the distribution of pairs for males 
classified by age (<60 yr or >60 yr). Data are also 
shown for males who reported exposure to dust or 
fumes in other than a priori suspect industries. The 
relative risk for the a priori suspect industries was 
much higher for males under 60 years at the time of 
diagnosis than for those 60 years of age or more. In 
contrast, the risks for males exposed to dust or fumes 
in other industries were very similar for both age 
groups. 

Factors other than occupation and smoking .—The 
data on factors other than smoking and occupational 
exposure were first examined with the use of univariate 
techniques to identify variables for which some case- 
control difference existed. Subsequently, multivariate 

regression (55). The positive association between blad¬ 
der cancer and use of artificial sweeteners in the 
present data has been reported (54, 59)', the data on 
artificial sweeteners are therefore included only in the 
multivariate analysis. 

Coffee and other beverages .—The results for coffee 
and a number of other beverages in terms of the 
relative risk for ever used versus never used are shown 
in table 7. There was only evidence of an increased risk 
of bladder cancer associated with consumption of 


T.aele 6. —Distribution of pairs for high-risk industry by age } 
group (males only) j 


■Variable 

Age, 

yr 

Discordant 

pairs" 

Relative risk 
(95% confi¬ 
dence limits) 

A priori high-risk industry 

<60 

17/2 

8.5 (2.0-75.8) 



32/15 

2,1 (1.1-4,2} 

Exposure to dust or fumes 

<60 

33/14 

2.4 (1.2-4.8) 

in other industries 

>60 

79/34 

2.3 (1.5-3.6) 


“ No. of pairs: patient ever exposed, control never expOsed/pa- 1 
tient never exposed, control ever' .exposed. ’j 


TAt 


Peri 

y 


0 

<10 

10 

>20 


— . . ' -Resp' 

coffee with the possible exception of females drinking j fiddlt- 
nondiet colas. ... - .i lor e' 

Nitrate and nitrite sources in the diet .—Users of i were ' 


nonpublic water supplies may ingest higher than j ratio, 
average- qXfantities of nitrates .and nitrites. .Table 8 < limits 
shows relative risk estimates for total number of years ‘ Ha 
of use of nonpubiic water supplies of all types for i genic 
males and females. For males there was a significant I been 
excess of users of such supplies but no evidence of a I may 
dose-response relationship. For females there was no f there! 
excess use among patients. Examination of the individ- ' was ■ 
ual types of water supply reported showed increased ever 
risk associated with all of them, i.e., rivers, wells, limit 
ponds, rainwater, and cistern or street tanks, apart ^ 8 pat 
from springs. 0 co: 

Another potentially important source of nitrates and ) were 
nitrites in the diet is the consumption of preservative- j usin; 
containing meats such as hams and sausages. Questions • be ii 
were asked about frequency, amount, and duration of ’ none 
consumption of such items, and from these answers • Ht 
was estimated the lifetime consumption in terms of ; spon 
grams of meat and grams of nitrate and nitrite con- ^ or I 
tained in such meat. An increased risk was not evident Rela 
from either measure for males or for females. > infei 

Fiddlehead greens .—Bracken fern is a bladder carcin- i diag 
ogen in cattle (60). Fiddlehead greens, which are grown | that, 
for human consumption and which are similar to f kidr, 
bracken fern, could be carcinogenic to the bladder. | prio 

f in ft 


Table 7.- 

—Relative risk estimates for beverages 

► 

S 

♦ 

f 

kidt 

redi 

diag 

non 

vari 

V.S.,1 ll 

A 

Beverage 


Males 


Females 

Discor¬ 

dant 

pMrs" 

Relative risk 
(95% confi¬ 
dence limits) 

Discor¬ 
dant 
pai rs 

- Relative risk 
(95% confi¬ 
dence limits) 

All types of 

66/43 

1.4 (0.9-2.0) 

20/19 

1.0 (0.5-2.1) 

t 

f 

/i 

evei 

Regular coffee 

66/45 

1.5 (1.0-2.2) 

17/20 

0.8 (0.4-1.7) 

: 

moi 

Instant coffee 

116/79 

1.5(1.1-2.0) 

30/21 

1.4 (0.8-2.6) 


tho 

Tea 

80/79 

1.0 (0.7-1.4) 

12/26 

0.5 (0.2-1.0) 


oni 

Alcohol 

86/99 

0.9 (O.S-1.2) 

25/32 

0.8 (0.4-1,4) 


for 

Nondiet colas 

43/50 

0.9 (O.e-1.3) 

12/6 

2.0 (0.7-6.5) 

t 


Other soft 

88/72 

1.2 (0.9-1.7) 

24/33 

0.7 (0.4-l.S) 

i 


drinks (non¬ 





i 

rnti 

diet) 





r 

Ll 

Dietetic drinks 

5/6 

0.8 (0.2-3.3) 

6/7 

0.9 (0.2-3.0) 

1 

rati 

° No. of pairs: 

patient 

ever used, control never used/patient 

f 

A 

Itn. 

never used, control ever 

used. 




iin< 
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Mit) 

Table 

8. —Duraticrn of use 

of nonpublic 

water supply 

li 

} 

i) 


Males 

Females 

Period. 

yr 

Relative risk 
(95% confi¬ 
dence’limits) 

Period, 

yr 

Relative risk 
(95% eonfi- ■ 
dence limits) 

0 

1.0 

0 

1.0 

, 1 

<10 

2.2 (1.5-3.6) 

<20 

1.4 {O.S-2.4) 


10-20 

1.9 (1.2-3.2) 

>20 

0.8 (0.4-1.4) 

—i 

>20 

2.1 (1.5-3.2) 




la- 


RL;.j;>ondents were therefore asked the amounts of 
S j fiddlehead greens they consumed. Relative risk estimates 
for ever consumed versus never consumed for males 
d * were 0.9 (95% confidence limits, 0.5-1.5; discordant pair 
a, ratio, 29/33) and for females, 1.1 (95% confidence 
8 limits. 0.5-2.5; discordant pair ratio, 14/13). 
s Hair dyes .—Because oxidative hair dyes are muta- 
r ■ genic (61) and an increased risk of bladder cancer has 
t ? been observed in hairdressers (II), such compounds 
1 ; may be carcinogenic to the bladder. Subjects were 
D ^ therefore asked about their use of hair dyes. No effect 
• ‘ was seen in females, with a relative risk estimate for 
I ever used versus never used of 0.7 (95% confidence 
. • limits, 0.3-1.4; discordant pair ratio, 16/23). For males 
! , 8 patients reported use of such products as compared to 
0 toiurols [P (one-sided) = 0.004]. Two of the subjects 
! t were barbers. However, only one of the patients reported 

• sing hair dyes prior to 1970. This variable could not 
; included in the multivariate analysis because of the 
nonexposure in controls. 

History of kidney and bladder conditions .—All re¬ 
spondents tvere questioned about any history of bladder 
5 or kidney stones or bladder or kidney infections. 

Relative risks were estimated according to whether 
j. infections were reported in the 5 years preceding 
^ diagnosis or interview or in the time period prior to 
< that. Both males and females had an excess risk for 
, kidney and bladder conditions in the period 5 years 

prior to diagnosis (relative risks, 4.9 in males and 2.8 
jn females for bladder infections and 3.0 in each sex for 
kidney infections). However, risk was substantially 
reduced or disappeared more than 5 years before 
' di;ignosis. Although these associations were probably 
noncausal, these variables were included in the multi¬ 
variate anaivsis inasmuch as thev ran still be nnienrlal 


'f 


vunfounders. 

/4naZgejic5.—Subjects were asked whether they had 

_f. 1 r . 1 , c' 

• w. . w U 1. 1-^ i U. Ol. iJ.L U 

months. All analgesics were analyzed separately for 
tbo.se containing only aspirin and those containing 
only phenacetin. The only case-control difference was 
b>r a.spirin in males in whom the relative risk estimate 
was 1.5 (95% confidence limits, 1.0-2.3; discordant pair 
ratio, 56/38). For females the relative risk estimate was 
Id (95% confidence limits, 0.5-2.4; discordant pair 
k'tio, 15/14). 

Multivariate analysis. —Tables 9 and 10 show various 
invar logistic models that examine simultaneously the 


effect of smoking, occupational exposure, and the other 
variables for which some case-control difference was 
observed. For males (table 9) the effects of cigarette and 
pipe smoking, occupational exposure, use of a non¬ 
public water supply, and grades of school were very 
similar to those seen in the univariate analysis. For 
females (table 10) the cigarette smoking effect, the 
associations with bladder and kidney infections, and 
the increased risk associated with occupational exposure 
were again similar to the values, reported from the 
. univariate analysis. The inclusion of income made 
little difference to the findings (and resulted in the loss 
of 24 pairs who did not report income), and therefore 
this variable was not included in the_ models presented. 
We examined possible interaction effects, e.g., between 
smoking and occupational exposure, by including 
appropriate product terms in the models. No interac¬ 
tion terms were significant except as noted below; the 
data seemed well fitted by the simple multivariate 
model. 

The relative risks associated with different average 
frequencies of consumption of all types of coffee can be 
computed from model I for males (table 9). In this 
model artificial sweetener use and aspirin use were 
included as continuous variables, though the results 
were similar if these two variables were categorized. 
The relative risks associated with an average consump¬ 
tion up to 2 cups per day vvere 1.6; of 3-4 cups per day, 
1.3; and greater than 4, 1.5 (relative to those of 
non-coffee drinkers). Although the first estimate was 
marginally significant with the use of a one-sided test 
(F —0.047), there was no evidence of any dose-response 
relationship. When the three categories of all types of 
coffee consumption in model I were replaced by the 
three corresponding categories of instant coffee and of 
regular coffee (model II), the relative risk estimates 
were; for instant coffee, 1.5, 1.7, and 1.5, respectively; 
and for regular coffee, 2.0, 1.5, and 1.8, respectively. 
Although the first and last estimates for regular coffee 
were statistically significant, again there was no evi¬ 
dence of a dose-response relationship. For females 
(table 10) there was no evidence of a dose-response 
relationship when all types of coffee were considered 
(model I). When instant coffee and regular coffee were 
considered separately (model II), although there was no 
evidence of any effect of regular coffee, for instant 

rrNpfpA n fourfrvlr? i in rt I* 

of 3 or more cups per day. There was, however, no true 
dose-response relationship inasmuch as drinkers of 4 or 

iiau u iis.lv siuilicii lO UiJ.L lOr 

drinkers of 3-4 cups per day. There was considerable 
interaction between instant coffee consumption and 
smoking in females; the increased risk for instant coffee 
drinkers of more than 2 cups per day was essentially 
restricted to smokers. Table 11 shows case-control 
distributions and crude relative risk estimates for the 
possible combinations of smoker and instant coffee 
drinker. 

Model III in table 9 shows for males the relative risk 
estimates for three categories of regular aspirin con- 
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Table 9. —Linear logistic models (males) 


F - 

Variables 

Model I, 
coffee (total): 
coefficient±SE 

Model ir, 
coffee 

(regular+instant): 

coefficient±SE 

Model III, 
aspirin: 
coefficient+SE 

Model IV, 
artificial 
sweetner: 
coefficientlSE 

Log, (l+all cigarettes) 

0,16+0.02" 

0.16±0.02“ 

0.16±0.02" 

0.16+0.02“ 

Ex-smoker'’ 

-O.SS+O.IS" 

-0.57+0.19" 

-0.61±0.19f 

-0.55i0.19" 

Pipefuls, lifetime consumption'' 

. 0.39±0.16* 

0.43±0.16" 

0.44±0;ie" 

0.4010.16" 

Inhales pipe smoke heavily'’ 

2.66±1.17' 

2.34+1.15' 

2.67+1.17" 

2.23+1.09' 

High-risk industry—a priori* 

0.92±0.33" 

0.66+0.22" 

0.93+0.33" 

0.95+0.33' • 

High-risk industry—dust or fumes* 

0.70±0,21" 

•1.02±0.33" 

0.69+0.21" 

0.70+0.21" 

Use of non public water supply* 

0.71+0,22“ 

0.75±0.21“ 

0.72±0.22" 

0.7110.22“ 

Bladder infection* 

1,37+0.26' 

1.35±0.26“ 

1.4010.26" 

1.4210.26" 

Diabetic* 

-0.46+0.35 


-0.3810.36 

-0.4010.38 

Grades of schooK 

4.74±2.4r 

4.90±2.56' 

5.3212.66' 

5.32+2.73' 

Aspirin, lifetime use—tablets'' 

6.01±3.06' 

6.10+2.88" 


5.53+2.93' 

Artificial sweetener, average frequency/day' 

8.53±4.31' 

6.02±4.04 

8.20+4.30" 


All types of coffee—cups/day' 



2.5213.46 

3.34+3.48 

All types of coffee, 1-2/day* 

' O.46±0.26* 




All types of coffee, 3-4/day* 

0.24±0.30 




All types of coffee, 5-t-/day* 

0.42±0.31 




Instant coffee. 1-2/day* 


0.40±0.23" 



Instant coffee, 3-4/day* 


0.52+0.34 



Instant coffee, 5-l-/day* 


0.39±0.38 



Regular coffee, 1-2/day* 


0,68±0.28 



Regular coffee, &-4/day* 


0.40±0.30 



Regular coffee, 5-l-/day* 


0.61±0.33" 



Aspirin, 1-500* 



-0.4410.34 


Aspirin, 500-4,000* 



0.4010.41 


Aspirin, 4,000+* 



0.5810.45 


Artificial sweetener, O.I-4/day* 




-O.Oa+0.42 

Artificial sweetener, 5-6/day* 




0.4610,51 

Artificial sweetener, 7-8/day* 




0.1210.64 

Artificial sweetener, 9+ day* 




1.03+0.59' 

Log likelihood 

Parameters 

Initial log likelihood =-332.21 

-288.85 

15 

-225.61 

17 

-230.71 

15 

-230.13 

16 


“ P<0.001. 

Coded 1 if true, 0 if not. 

' P<0.01. 

Coefficient multiplied by 100,000. 
' P<0.05. 

Coefficient multiplied by 100. 


sumers. The relative risk estimates increased with 
increasing dose, but the estimate for those in the first 
category was less than 1.0 and none of the estimates for 
the individual categories was statistically significant. 
However, inclusion x>l aspirin as a continuous variable 
in the other models in table 9 indicated a statistically 
'.ignificar-l- with this variable. Inrhision of 
aspirin terms in various models for females did not 
show any association with various measures of aspirin 
use. 

Model IV (table 9) includes terms corresponding to 

ener consumption in tablet, drop, or powder form. The 
relative risk estimates for 1-4 tablets per day, 5 or 6 
tablets per day, 7 or 8 tablets per day, and more than 8 
tablets per day were 0.9, 1,6, 1.1, and 2.8, respectively. 
These estimates may be compared with those made 
with a model including just the artificial sweetener 
terms, i.e,, with no attempt to control for any possible 
confounding effect of the other variables: the relative 
risk estimates were 1.2, 1.8, 1.4, and 2.8. Thus any 


confounding effect was small and nonexistent for the 
highest category of consumption. 

The standard error of the estimate for the highest 
category from the model that included only the artifi¬ 
cial sweetener was considerably reduced, and the cor¬ 
responding P value was 0.01 (one-sided) as compared 
to 0.04 for the term in model IV, Hov/ever, inclusion of 
frequency oF arariciai sweetenei' use as a coiuiiiuuus 
variable (models I, II, and III) yielded a statistically 
significant estimate for the coefficient [P (one-sided) 
approximately equal to 0.02-0.03]. When the analysis 
rPstnVtpd to individuals who stated that they used 
only saccharin [as reported in (if)], the results were 
siniilar. The relative risk estimates for 1-4, 4-8, and 
greater than 8 tablets per day of saccharin were 0.9, 1.4, 
and 3.1, respectively [P (one-sided) for highest cate¬ 
gory = 0.037]. 

Data on artificial siveetener consumption for females 
are shown in model III of table 10. The observed 
associations were negative as previously reported (57). 
Although there was no increased risk associated with 
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Table 10. —Linear logistic models (females) 


1 

Model I. coffee 

Model II, coffee 

Model III, 

Variables 

(all types): 

(Instant+regular): 

artificial sweetener: 


coefficient±SE 

coefficient+SE 

coefficientlSE 

Log, (f+all cigarettes) 

0.17+0.02" 

0.18+0.05" 

0.18+0.05" 

Ex-smoker* 

-1.80±0.54" 

-1.92±0.5r 

-1.86+0.56" 

Bladder infection* 

1.08+0.36" 

1.22+0.38" 

1.14+0.37" 

Kidney infection* 

1.12±0.48" 

1.07+0.4T' 

1.07+0.47* 

High-risk industry—dust or fumes* 

. 1.86+0.92' 

1.86±0.95‘' 

2.0210.99“' 

Diabetic* 

-0.68+0.55 

-0.77±0.58 

-0.24+0.57 

Ail types of coffee, 1-2/day*' 

-0,37±0.40 


All types of coffee, 3-4/day* 

0,52+0.53 



Ail types of coffee, 5+/day* 

Instant coffee, 1-2/day* 

0.30±0.57 

0.11+0.41 


Instant coffee, 3-4/day* 


0.16+0.75“' 


Instant coffee, 5+/day* 


0.16±0.79“' 


Regular coffee, 1-2/day* 


-0.8210.48 


Regular coffee, 3-4/day* 


-0.4210.56 


Regular coffee, 5-l/day* 

Artificial sweetener, 1-4/day* 


-0.4010.62 

-i.is+o.eP 

Artificial sweetener. 5~6/day* 



■ -0.70+0.90 

Artificial sweetener, 7+/day* 



0.1410.78 

Instant coffee—cups/day 



0.2710.11" 

Maximized log likelihood 

-78.00 

-73.50 

-73.92 

Parameters 

Initial log likelihood =-105,36 

9 

12 

10 


'■ />< 0 . 001 . 

* Coded 1 if true, 0 if not. 
" P<0.01. 

■' P<t}.Q5. 


(lie use of 6 or more tablets per day, there were 5 
fct'ttiale patients who used more than 8 tablets per day 
^ind 0 controls. This last category could not be included 
in a multivariate model because of the nonexposure of 
the controls. 

One criterion for the validity of any observed associa- 
tioti in a case-control study is replicability of the 
results in different geographic areas. This criterion is 
ftarticularly germane in the present study inasmuch as 
one province (British Columbia) is geographically very 
distinct from the other two provinces (Nova Scotia and 
Newfoundland), and more problems were encountered 
in control acquisition in British Columbia than in the 
other two provinces (59). Table 12 compares the areas 
for the observed associations. The data for Nova Scotia 
^lud Newfoundland were combined because of their 
gerigrajihic proximity and the very low refusal rate and 
lor ti yield of sufficient numbers for reasonably stable 

Tabi.e 11.— Case-control distribution and relative risks for instant 


^in.\jMny {jcnt.u.t.to oitiyj 


Smoking" 

Coffee „ 

drinking* 

Con¬ 

trols 

Rela¬ 

tive 

risk 

95% 

confidence 

limits 

- 

71 

96 

1.0 



55 

47 

1.6 

0.9-2.7 

~~ 

+ 

8 

8 

1.4 

0.4-4.4 


4- 

18 

1 

24.3 

3.3-501.0 


+ = Smoker; - = nonsmoker. 

^-Average frequency was >2 cups/day; -^average fre- 
lin-ney was <2 cups/day. 


analysis. For two variables (i.e., aspirin and use of a 
nonpublic water supply) there appeared to be discrep¬ 
ancies in the results. For the latter variable the effect 
was not present in Nova Scotia and Newfoundland, 
whereas for the former variable the data from British 
Columbia were diametrically opposed to those from 
the other two provinces. 

PAR. —It is possible to estimate the PAR from 
matched case-control studies when matching factors 
can be quantified {62). For individually matched data 
in tvhich one of the matched criteria is not quantifiable 
(as in the present study for neighborhood of residence), 
it is not possible to estimate the proportion of individ¬ 
uals in a population who are exposed to a particular 
risk factor. However, a reasonable approximation to the 
PAR may be obtained by stratification of the data with 
the use of measures of matching that are quantifiable 
(in the present study, age and province of residence) 
and icpajate estimation of the P.-\R for eacn stratum. 
One may then obtain a weighted mean estimate using 
as sveights the number of cases in each stratum. 

Estimates of the PAR made with the use of the above 
technique are shown in table 13 for factors that showed 
an association with, bladder cancer in the present data. 
PAR for individual factors are not directly additive 
because one individual may be exposed to a number of 
factors. To estimate the PAR resulting from a combi¬ 
nation of possible risk factors, one must define an 
exposed individual as one who has been exposed to 
any combination of the risk factors under considera¬ 
tion, set up a 2X2 table, and estimate the PAR in the 
usual way. With the use of this procedure and the 
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Table 


12 .—Linear logistic models for areas 


Variables 


Area 1, 
British 
Columbia: 

eoeffi- 

cientlSE 


Areas 2 + 3, 
Nova Scotia 
and New¬ 
foundland: 

coeffi- 

cientiSS 


Males 


Log, (l+all cigarettes) 

0.2010.04*' 

0.1210.04* 

Ex-smoker* 

-0.4210.24*' 

-1.0710.36" 

Pipefuls, lifetime consumption*' 

0.3310.21 

0.7910.31* 

Inhales pipe smoke heavily* 

2,2011,18' 

9.36163.75 

Use of nonpublic water supply* 

0.9110.26*' 

0.1210.45 

A priori industries* 

1.0510.38' 

0.7010.87 

Other industries* 

0.7710.24" 

0.37+0.44 

Diabetic* 

-0.2910.44 

-0.32+0.67 

Bladder infection* 

1.1910.36* 

1.7310.42* 

Grades of school 

7-.8814.25‘ 

4.1312.68 

All types of coffee—rcups/day'^ 

-0.0514.69 

10.2416.16' 

Aspirin consumption*' 

.\riificial sweetener-' 

5.2214.90 

■ 14.6016.05* 

6.7214.98 

9,7219.27 


(306 pairs) 

(174 pairs) 


Females 


Log, (l+all cigarettes) 

0.2310.06* 

0.1410.08* 

Ex-smoker* 

-1,9010.68* 

-2.23+1.05* 

Bladder infection* 

1.28+0.50' 

0.9310.51' 

Kidney infection* 

0.6610.54 

1,3110.82 

Instant coffee, cups/day 

0.3110.12* 

0.0310.17 


(95 pairs) 

(57 pairs) 


^ P<0.001. 

* Coded 1 if true, 0 if not. 

' P<0.01. 

‘‘ Coefficient multiplied by 100,000. 
' P<0.05. 

' Coefficient multiplied by 100. 


inclusion of the risk factors in the order of decreasing 
believability in the causality of the association, the 
PAR for cigarette smoking and exposure to the a priori 
suspect industries was 61%; including pipe smoking 
increased the PAR to 67%, and including exposure to 
dust or fumes other than in the a priori suspect 
industries yielded a PAR of 69%. Inclusion of artificial 
sweetener and coffee consumption did not change the 
PAR, but inclusion of the use of a nonpublic water 
supply increased the PAR for males to 90%. 


Table 13. —Estimates of PAR for various factors 


i- actor 

Percent 

Males 

Females 

Cigarette smoking 

61 

26 

Pipe smoking" 

12 

0 

Exposure to high-risk 

8 

1 

industry—a priori 



Exposure to dust or fumes 

19 

7 

Coffee consumption 

21* 

12* 

Artificial sweetener consumption 

7 

0 

Nonpublic water supply 

36 

0 


“ Controlled for cigarette consumption. 
'■ All types of coffee, yes or no. 

■■ Instant coffee, >2 cups/day. 



The corresponding procedure for females gave a 
PAR for cigarette smoking and exposure to dust or 
fumes other than in the a priori suspect industries ot 
27%, and inclusion of instant coffee increased the PAR 
to 29%. 


DISCUSSION 

The issue of case-control comparability and possible 
bias in control selection, which is critical to the 
validity of the results, was discussed previously {59, 63], 
Although there was an income disparity between female 
patients and controls, this variable was not confound¬ 
ing for any of the associations seen in the data. 
Furthermore, the consistency of the results between the 
two main areas of study in spite of the differences in 
response rate for control selection between them rein¬ 
forces the validity of the findings. 

The data presented in this paper strongly support a 
causal association between cigarette smoking and blad- 
- der cancer in both sexes. Particularly strong evidence 
was provided by male ex-smokers who showed a 
substantia! decrease in risk relative to that in current 
smokers. These results qualitatively agreed with those 
of previous studies (9, 15-26), though the magnitude of 
the relative and attributable risks observed was some¬ 
what greater in this study than in previously reported 
studies (67). 

One possible difficulty in the acceptance of a causal 
role for cigarette smoking is the stability of the rates 
for bladder cancer mortality in the last 40 years among 
males in Canada and a reduction of these rates over the 
last 30 years among females in Canada {65). This 
observation contrasts markedly with the trends in 
mortality from lung cancer in both sexes {66). A 
possible explanation is that there existed in the past a 
factor largely responsible for bladder cancer in both 
men and women but that the impact of this factor has 
been reduced in the last 40 years. With cigarette 
smoking having an increasing effect, stability might be 
anticipated for males. With cigarette smoking still 
accounting for only approximately 26% of the cases 
among females, the impact of smoking has not been 
sufficient to affect the downward trend in mortality. 

ncv,,. -iccriri-ifinn hptwppn hladder cancer and oine 
smoking has not been seen in other case-control 
studies, though in male British doctors the death rate 

lui pipe uiiii .inS 11 per lOCjCOO ccm.' 

pared to 9 per 100,000 for nonsmokers (2S). The 
a.ssociation requires further investigation but, if sub¬ 
stantiated, could have important implications for pre¬ 
vention in view of the tendency of cigarette smokers to 
change to pipes. 

The number of subjects who reported experience in 
one of the a priori suspect high-risk industries was 
comparatively few, which reflected the design of the 
study. Nevertheless, results essentially in agreement 
with those reported previously {3-14) were obtained. 
Exposure to chemicals was obviously associated with 
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• 'ndustries for which an increased risk was found, 
the exception of food processing. 

The significant excess of patients who reported 
exposure to dust or fumes in various occupations has 
not been seen before.- Two of the four groups who 
emerged from the search of specific fumes and dusts, 
railroad workers and chose exposed to diesel and traffic 
fumes, seem likely to have been exposed to hydrocar¬ 
bons in the form of fuels and lubricating oils. Ben- 
zo[ii]r>yrene is a known exhaust product -from automo¬ 
bile engines (67). Crop sprayers will have been exposed 
[o insecticides and fungicides. The type of fumes to 
which welders are exposed and the possible carcino¬ 
genicity of such fumes are as yet undetermined, though 
risk of bladder cancer has been reported for structural 
ineial workers (6S). 

•One must carefully consider the occupations that 
emerged from the general search of occupational his¬ 
tory. Nurserymen, however, may have had exposure,to 
insecticides and fungicides, whereas metal machinists 
and metal fabricators may have had exposure to heavy 
hydrocarbon oils. An association with bladder cancer 
for this last occupational group was found in a study 
done in Louisiana (9). Glass processors would presum¬ 
ably have been exposed to inorganic dusts and possibly 
lubricating oils. 

The study has confirmed that the excess risk of blad- 
tici cancer associated with proved high-risk industries 
ujfciiests itself most strongly in individuals under the 
^^Bf 60 years {98). This observation is not easy to e.x- 
pltTin, though one possibility is a cohort effect. How¬ 
ever, inasmuch as the effect was noted in industries that 
were already suspected as being of high risks, it seems 
unlikely that the effect was due to the use of nerv 
chemicals in more recent periods. The lack of such an 
itueraction in individuals exposed to dust or fumes in 
other industries may imply that part of that association 
could be due to recall bias. 

The associations with coffee consumption and the 
other factors reported in this paper are weaker than 
those with tobacco use and occupation, and conse¬ 
quently their interpretation is more difficult. 

For coffee consumption the groups at highest risk 
ate male drinkers of regular coffee and female drinkers 
ol instaru coffee. The interaction between smoking and 
toffee consumption in females was also seen by Simon 
■ \j9j, tliougii liietr data applied to all types ol 

coffee consumed rather than to instant coffee con¬ 
sumed, 

possible explanation for the apparent sex differ¬ 
ence in coffee effects is that males may be less knowl- 

ri|,.,..,iii,„ .i...... .1., , i;,,-, 

consume. Thus conceivably, many male consumers of 
instant coffee believed that they were drinking regular 
colfce. No attempt was made to check the accuracy of 
the type of coffee consumption reported, and therefore 
cioij^ must remain on the reliability of the distinctions 
The similarity of patients and controls with 
fc^Prc't to consumption of other beverages is, how'ever, 
I useful indicator that the assessment of coffee con¬ 


sumption within the sexes was comparable for patients 
and controls. 

Nevertheless, the present data support an association 
between coffee consumption and bladder cancer, though 
the causality of the association must remain in doubt 
in view of the lack of a dose-response relationship. If 
coffee does have a carcinogenic effect, it may act as a 
cocarcinogen or promoter in association with a stronger 
carcinogen such' as cigarette smoke. 

The highly significant association seen with use of 
a nonpublic water supply for males is unlikely to be 
due to chance and seems to merit further attention. 
However, there was no dose-response relationship and 
no effect was seen in females. Social and environmental 
factors may be associated with the use of such a 
supply, and possibly, the observed association is due to 
confounding by some variable of which we have no 
measure. 

Although male hairdressers have been reported to be 
at increased risk of bladder cancer (11), the results seen 
in the present study for male users of hair dyes were 
unexpected. The fact, hotvever, that orily recent use of 
hair dyes is involved suggests that the association is 
not causal. The absence of an effect in females is 
consistent tviih other reports from Canada (69, 70). 

Data were collected on consumption of analgesics 
because of the association between phenacetin con¬ 
sumption and tumors of the renal pelvis and ureter 
(7i). The only association noted was for aspirin use, 
which, however, was not consistent when data were 
considered separately in British Columbia and New¬ 
foundland and Nova Scotia combined. Thus we regard 
this association as a chance observation and not as 
evidence of a causal relationship. 

The present analysis has provided an opportunity to 
reevaluate the association between artificial sweetener 
consumption and bladder cancer previously reported 
for males (34, 99). There tvas little evidence of con¬ 
founding, with a dose-response relationship persisting 
when other variables were taken into account. For 
females, there was no evidence of an effect, yet there 
was an excess of cases with consumption at the highest 
dose level s- 

An important objective of the study was to determine 
the relative contribution of known and suspected 
factors to the etiolo.gy of bladder cancer. The determi¬ 
nation ot aiinbutable risk for individual factors when 
there is interaction between them can readily result in 

percentages are added together, which occurred for 
males in the present study. We therefore estimated the 
pupulaLiou auiibutabie risk resuiting irom a combina¬ 
tion of risk factors. The maximum reached for males 
was 90% if the observed association with the use of a 
nonpublic rvater supply was indeed causal. For females, 
however, the maximum reached was 29%. 

It seems, therefore, even if some of the associations 
are not regarded as causa! and are excluded, that more 
is known about the etiology of bladder cancer in males 
than in females. 'Fhus, altiiough we have confidence in 
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the importance of tobacco use in the etiology of female 
bladder cancer, futher study of other potential associa¬ 
tions is required. 
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